








.H\ZRUGV DFWLYDWLRQ OLJKW HPLWWLQJ GLRGH PDJQHWLF SKRWRG\QDPLF UKRGREDFWHU VSKDHURLGHV
YLDELOLW\
$EVWUDFW 7KLV SDSHU UHSRUWV WKH LQIOXHQFH RI OLJKW H[SRVXUH SKRWRG\QDPLF FRPELQHG ZLWK
PDJQHWLFILHOGDSSOLFDWLRQRQYLDELOLW\DFWLYDWLRQRIDQDHURELFSKRWRV\QWKHWLFEDFWHULD5KRGREDFWHU




DQG ZDYHOHQJWK $IWHU WKH WUHDWPHQWV DOO EDFWHULD FRORQLHV ZHUH JURZQ LQ SKRWRV\QWKHWLF PHGLD
306 IRU  KRXUV IROORZHG E\ FDOFXODWLQJ WKH JURZWK RI EDFWHULDO FRORQLHV XVLQJ D WRWDO SODWH











SLJPHQWV KDYH WKHLU GLVWLQFWLYH HOHFWURQLF DEVRUSWLRQ EDQGV GHSHQGLQJ RQ PROHFXODU VWUXFWXUHV
3KRWRV\QWKHWLF EDFWHULD SRVVHVV D PRGXODU SKRWRV\QWKHWLF DSSDUDWXV LQ ZKLFK D SKRWRFKHPLFDO
UHDFWLRQ FHQWHU 5& LV IHGZLWK HQHUJ\ E\ D FORVHO\ DVVRFLDWHG OLJKW KDUYHVWLQJ SLJPHQW±SURWHLQ
/+ >@ ,Q PDQ\ VSHFLHV WKHVH VR FDOOHG 5&±/+ FRPSOH[HV DUH LQ WXUQ VXUURXQGHG LQ WKH
SKRWRV\QWKHWLFPHPEUDQHE\RQHRUPRUHW\SHVRISHULSKHUDOOLJKWKDUYHVWLQJFRPSOH[HV>@
3KRWRV\QWKHWLF EDFWHULD FDQ SURGXFH YDULRXV W\SHV RI SK\VLRORJLFDO DFWLYH VXEVWDQFH VXFK DV
YLWDPLQ%XELTXLQRQHFRHQ]\PH4DPLQROHYXOLQLFDFLG $/$SRUSK\ULQVDQG51$ ,Q
SDUWLFXODU $/$ RI SKRWRV\QWKHWLF EDFWHULDO ZDV FRPPHUFLDOO\ DSSOLHG WR PHGLFDO GLDJQRVLV DQG
WUHDWPHQW >@ 0RVW EDFWHULD XVH KHP$ ELRV\QWKHWLF SDWKZD\ WR SURGXFH SRUSK\ULQV IURP D
SUHFXUVRU 7KH $/$ FDQ EH V\QWKHVL]HG ELRORJLFDOO\ E\ WZR GLVWLQFW PHWDEROLF SDWKZD\V
'LIIHUHQFHVEHWZHHQWKHEDFWHULDODQGPDPPDOLDQSDWKZD\VLQFOXGHWKHH[LVWHQFHRIDZLGHO\XVHG







RQ WKH 5KRGREDFWHU VSKDHURLGHV FRORQLHV FDXVHV D VWUHVV RQ EDFWHULD FHOOV DQG DFWLYDWHV $/$
GHK\GUDWDVH$/$'JHQHV7KH$/$'LVDQLPSRUWDQWHQ]\PHRISKRUSK\ULQV\QWKHVLV>@7KLV
VWXG\ DLPV WR LQYHVWLJDWH HIIHFWV RI HQHUJ\ GRVH LOOXPLQDWLRQ RI PRQRFKURPDWLF OLJKW FRPELQHG
PDJQHWLFILHOGDSSOLFDWLRQRQWKHJURZWKRI5KRGREDFWHUVSKDHURLGHVFRORQLHV
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0DWHULDOVDQG0HWKRG
7KH VDPSOH RI5KRGREDFWHU VSKDHURLGHV EDFWHULD XVHG LQ WKLV VWXG\ZHUH LVRODWHG IURPZDWHU




DUUD\ RI /(' ZLWK YDULRXV ZDYHOHQJWKV
QPQPQPDQGQPDQG
D PDJQHWLF ILHOG JHQHUDWRU RI +HOPKROW]
FRLOV $ PLFURFRQWUROOHU V\VWHP EDVHG RQ
$95 $70HJD ZDV XVHG WR FRQWURO
WKH DSSDUDWXV LQFOXGLQJ WLPHU DQG
WHPSHUDWXUH RI FKDPEHU 7KH LQWHQVLW\ RI
WKH DUUD\ RI /(' ZDV PHDVXUHG XVLQJ
FDOOLEUDWHG LQVWUXPHQW SULRU WR WKH
DSSOLFDWLRQ 7KH VHUYR PRWRU ZDV XVHG WR
URWDWH WKH VDPSOH KROGHU ZKHUH WKH 3HWUL
GLVK ZDV SODFHG VR WKDW WKH OLJKW
LOOXPLQDWLRQ ZDV H[SHFWHG WR EH
KRPRJHQHRXVRQWKHVDPSOH>@
7ZR PHDVXUHPHQWV RI WKH JURZWK RI
EDFWHULDO FRORQLHV LQ  ZHUH FDUULHG RXW
E\YDU\LQJZDYHOHQJWKRI/('DUUD\DWWKH
VDPHLQWHQVLW\ZLWKDQGZLWKRXWPDJQHWLFILHOGDSSOLFDWLRQDQGYDU\LQJLQWHQVLW\RI/('DUUD\DW
QP IRUYDULRXV WLPH LQWHUYDOV 7KH ILUVW WUHDWPHQWZDVSHUIRUPHG IRU VFDQQLQJ WKHHIIHFWRI
ZDYHOHQJWKRI/('FRPELQHGZLWKDQGZLWKRXWPDJQHWLFILHOGDSSOLFDWLRQ0HDQZKLOHWKHVHFRQG
WUHDWPHQW ZDV LQWHQGHG IRU LQYHVWLJDWLQJ WKH HIIHFWV RI HQHUJ\ GRVH RQ WKH JURZWK RI EDFWHULDO
FRORQLHV$IWHUWKHWUHDWPHQWDOOEDFWHULDVXEVWDQFHVZHUHJURZQLQ306PHGLD7KHEDFWHULDZHUH
WKHQJURZQRQVWHULOH306IRUKRXUVLQWKHVKDNHULQFXEDWRUDWDWHPSHUDWXUHRIq&XQWLOWKH
RSWLFDO GHQVLW\ 2' DW  QP RI ZDYHOHQJWK ZDV   >@ 1H[W HDFK VDPSOH RI EDFWHULDO
FRORQLHVPOZDVSXWRQD3HWULGLVKZLWKGLDPHWHURIFP7KHVDPSOHZDVWKHQWDNHQIURP
LQFXEDWRUDQGFDOFXODWHGQXPEHURIWKHJURZWKRIEDFWHULDOFRORQLHVZLWKDWRWDOSODWHFRXQW73&







 QP  QP  QP DQG  QP WKH KLJKHVW JURZWK RI EDFWHULDO FRORQLHV RFFXUUHG DW
ZDYHOHQJWK RI  QP 3KRWRV\QWKHVLV LQ 5KRGREDFWHU VSKDHURLGHV EDFWHULD LV SHUIRUPHG E\
SLJPHQW±SURWHLQFRPSOH[HVWKDWDUHFORVHO\SDFNHGZLWKLQVSHFLDOL]HGLQWUDF\WRSODVPLFPHPEUDQHV
>@ 7KH SKRWRV\QWKHWLF DSSDUDWXV KDYH WKUHH WUDQVPHPEUDQH SURWHLQ FRPSOH[HV LH DQWHQQD RU
OLJKW KDUYHVWLQJ FRPSOH[HV UHDFWLRQ FHQWHU DQG F\WRFKURPH >@ 7KH OLJKWKDUYHVWLQJ FRPSOH[HV
ELQG SLJPHQWV RI FDURWHQRLG DQG %&KO IRU OLJKW FDSWXUHU 7KHVH WZR SLJPHQWV DUH UHTXLUHG E\
SKRWRV\QWKHWLF RUJDQLVPV WR SHUIRUP SULPDU\ SURFHVVHV IRU FDSWXULQJ SKRWRQVPLJUDWLQJ H[FLWHG
HQHUJ\DQGDFKLHYLQJFKDUJHVHSDUDWLRQ7KHVHSLJPHQWVSRVVHVVGLVWLQFWLYHHOHFWURQLFDEVRUSWLRQ
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 = < ; ;  u

)LJ  6FKHPDWLF RI DSSDUDWXV IRU LOOXPLQDWLRQ
WUHDWPHQWRIVDPSOHV7KHGLDPHWHURI+HOPKROW]
FRLO LVGZKLOH WKHGLVWDQFHEHWZHHQ WZRFRLOV LV
G
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RIFDURWHQRLGVVKRZVRSWLPXPDEVRUSWLRQDWQPDVVKRZQLQ)LJ7KHFDURWHQRLGVWUDQVIHU
WKHLUH[FLWDWLRQHQHUJ\WRWKH%&KOPROHFXOHVZKLFKLQWXUQIXQQHOLWWRDXQLWFDOOHGWKHUHDFWLRQ
FHQWHU WR WULJJHUDVHTXHQFHRIHOHFWURQWUDQVIHUSURFHVVHV WKDW WDNHSODFHRQ WLPHVFDOHVRIXS WR
PLFURVHFRQGV >@ 7KH SUHVHQFH RI FDURWHQRLGV LV FUXFLDO IRU WKH VXUYLYDO RI WKH SKRWRV\QWKHWLF
RUJDQLVPV'XULQJWKHSKRWRFKHPLFDOSURFHVVHVD%&KOVLQJOHWH[FLWDWLRQFDQXQGHUJRLQWHUV\VWHP
FURVVLQJWRDWULSOHWVWDWH7KLVSURFHVVWDNHVSODFHLQDIHZQDQRVHFRQGVDQGWKHUHIRUHLVQRWRIKLJK






ZDYHOHQJWK WKH JURZWKRIEDFWHULDO FRORQLHV LQFUHDVHGGUDPDWLFDOO\7KH OHQJWKVRI WLPH IRU OLJKW
H[SRVXUH ZHUH YDULHG DW    DQG  PLQXWHV UHVSHFWLYHO\ ,Q WKLV FDVH WKH ORQJHU WLPH
H[SRVXUH RI OLJKW WKH KLJKHU JURZWK RI EDFWHULDO FRORQLHV 7KH JURZWK RI EDFWHULDO FRORQLHV LV
DIIHFWHGE\WKHHQHUJ\GRVHRIOLJKWDVVKRZQLQ)LJ7KHJURZWKRIEDFWHULDOFRORQLHVLQFUHDVHV
E\LQFUHDVLQJWKHHQHUJ\GRVH7KHPD[LPXPRIJURZWKRFFXUUHGDWDERXWZKHQWKHHQHUJ\




)LJ  *URZWK RI EDFWHULDO FRORQLHV XQGHU
LQIOXHQFH RI ZDYHOHQJWKV DW WKH VDPH LQWHQVLW\





























































)LJ  *URZWK RI EDFWHULDO FRORQLHV XQGHU
LQIOXHQFHRIGRVHFRPELQHGZLWKPDJQHWLF ILHOG
RI P7 ,QVHW LV WKH HIIHFW RI LQWHQVLWLHV DQG
WLPHVRIDWZDYHOHQJWKRIQP

)XUWKHUPRUH WKH DSSOLFDWLRQ RI DQ H[WHUQDO PDJQHWLF ILHOG FRPELQHG ZLWK RSWLPXP OLJKW
LOOXPLQDWLRQLVDEOHWRLQFUHDVHVLJQLILFDQWO\WKHJURZWKRIEDFWHULDOFRORQLHVDVVKRZQLQ)LJ7KH





$/$' JHQHV 7KH $/$' ZDV FRQVLGHUHG WR EH D NH\ HQ]\PH RI SRUSK\ULQ V\QWKHVLV 7KH
DSSOLFDWLRQRIDPDJQHWLFILHOGRQEDFWHULDOVDPSOHPD\VLPXOWDQHRXVO\DFWLYDWH$/$GHK\GUDWDVH
$/$' JHQHV LQ SKRWRV\QWKHWLF EDFWHULD $QRWKHU VWXG\ REVHUYHG WKDW H[WUDFHOOXODU SRUSK\ULQ
SURGXFWLRQ LVPDUNHGO\ VXSSUHVVHGE\ WKH LQKLELWLRQRI$/$'ZLWK OHYXOLQLF DFLG /$ >@7KLV
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&RQFOXVLRQV
7KHFXVWRPL]HGDSSDUDWXVRISKRWRG\QDPLFDSSOLFDWLRQKDVEHHQVXFFHVVIXOO\GHYHORSHGXVLQJ/('
LOOXPLQDWLRQ DQG FRQWUROOHG XVLQJ PLFURFRQWUROOHU  7KH JURZWK RI 5KRGREDFWHU VSKDHURLGHV
FRORQLHVLVVLJQLILFDQWO\DIIHFWHGE\ZDYHOHQJWKVRI/('ZLWKLWVPD[LPXPFDQEHDFKLHYHGZKHQ
WKHZDYHOHQJWK RI /(' LV  QP0RUH HQKDQFHPHQWV RI WKH JURZWK5KRGREDFWHU VSKDHURLGHV
























>@ 7 8WVXQRPL\D < <DPDQH 0 :DWDQDEH . 6DVDNL -RXUQDO RI %LRVFLHQFH DQG
%LRHQJHHQHULQJ
>@96XQGVWURP73XOOHULV-3K\V&KHP%






>@6( '¶+DHQH /- &URXFK 05 -RQHV 51 )UHVH %LRFKLPLFD HW %LRSK\VLFD $FWD 
±
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